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Abstract 
Through the determination test for the quantity of gas adsorption and desorption under different 
temperature conditions, the law of influence of the temperature change on the adsorption and desorption 
of coal and methane in constant pressure condition was researched. The paradoxical law highly 
emphasizes that the increase of gas desorption quantity due to temperature rise and part of water 
adsorbing coal under the effect of high pressure water together affect the quantity of gas adsorption and 
desorption. In the end, we can obtain the law of desorption seepage of the coal seam gas when the coal 
was placed under different water contents and different temperature. Making use of the adsorption and 
desorption experiment system of the coal under constant pressure, the temperature control module was 
added to the osmoscope, thus, the desorption quantity of the coal sample in different temperature and high 
pressure water was measured. The result shows that, when the adsorption tank is under the same pressure, 
desorption quantity of the coal will increase with the temperature; if the same coal sample adsorbs twice, 
the adsorption quantity is bigger than the former. When it is affected by high pressure water, the 
adsorption rate of the coal to the gas will reduce. If the same coal sample experiences high pressure water 
twice, the water quantity injected in the second time is larger; and the adsorption and desorption quantity 
is different, the second one is a little larger than the first one. The initial temperature is also higher when 
it begins to desorb. When the coal is affected by high pressure water, the water adsorbed influences the 
gas desorption and seepage. 
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The gas in the coal seam of low-permeability is hard to be desorbed and the seepage movement of 
which in the coal petrography pore and crack is also different, thus making the method of reducing the 
gas-bearing capacity in the coal seam through the gas drainage little use. Scholars at home and abroad 
have for years conducted a lot of researches on the factors influencing desorption quantity and seepage 
flow of the coal seam gas. JRE Enever and A Hening[1] studied the influence law of coal effective stress 
on the permeability. Chinese scholars such as Zhou Shining and Lin Baiquan [2,3], ZhaoYangsheng, Wu 
Shiyue and Zhao Wen[4,5], Liang Bing also extensively researched the impact of crustal stress and 
temperature on the adsorption, desorption and seepage of coal, making great achievements. The 
predecessors demonstrated theoretically the influence of crustal stress and temperature on the 
permeability of coal. The key of the study is that whether we can increase the permeability of coal seam 
and its gas desorption quantity through strong heat flux hydraulic cut seam and the temperature rise of the 
coal seam gas bearing system. Then, in combined action and the inducement of the drainage well beside, 
the gas will rush through the channel of pores and cracks, finish the vadose flow and in the end be taken 
out. 
Studies have found that hydraulic cutting makes the permeability of coal seam increase, but when 
the water contacts with coal, the coal will be wetted, that is, a part of water will enter into its micro-pore, 
both the water molecules and methane gas molecules adsorb the coal in relatively weak Van der Waals 
force, the existence of water will affect the adsorption of the gas to the coal. When the water content of 
the coal seam does not reach the critical moisture content (that is the saturated adsorption content), the 
water increase will reduce the adsorption quantity of the methane. When it surpasses the critical moisture 
content, the excessive section merely participates in the seepage. It will not affect the adsorption process, 
and the adsorption quantity of the methane will no longer decrease.  
The paper simulated the influence of the hydraulic cutting on the pores and cracks of the coal, with 
the high pressure water acting on the coal. Besides, it used the extra temperature control box to simulate 
and control the temperature field change of the coal sample, so as to study the adsorption and desorption 
law of the coal sample.  
1 Experimental procedures  
The schematic diagram used in the experiment of the gas adsorption and desorption of the coal seam 
is shown in Fig.1. The coal sample was taken from a coal mine in Shanxi Changzhi Tunliu. The coal was 
selected and processed into the standard coal sample whose diameter is 50 mm and height is 150 mm with 
the help of sampler. Then the sample was put in the adsorption tank after weighing. Since the main 
component of the coal-bed gas is methane, the experiment gas is methane with 99.99% purity. In order to 
ensure the safety of operators, the venting practice was adopted in the laboratory, and the fan was also 
used to reduce the concentration of the methane desorbed out. 
The experiment system mainly consists of pressurized system, heating system, gas supply system, 
high pressure water system, temperature control system and gas measurement system. The axial 
compression of the coal sample is provided by the pressure testing hand pump via the adsorption and 
desorption instrument. After pressurizing, voltage stabilizer is used to keep the pressure stable; (install 
electrical heating set to the tank of adsorption and desorption instrument, heating the coal to change the 
temperature of the coal sample, the temperature control employs the principle of measuring the 
temperature through thermocouple.) With drainage method, the value of gas desorbed can be read directly 
by the measuring cylinder.  
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Fig.1 The schematic of the gas adsorption and desorption in the temperature change 
1.1 Determination of the volume of the adsorption cylinder 
Measure the tank volume of the coal sample before loading it into the cylinder. The specific method 
is: screw the fixed spiral of the coal sample tank (with seal ring which is heat resisting around the flange 
position) tightly, connect it to the vacuum pump after examining the air tightness, vacuumize it to 1×10-
1mmHg. Then close the valve, and connect the down scale graduated cylinder with the rubber pipe. Inject 
a certain amount of air into the graduated cylinder in advance, then open the high pressure valve to let the 
air enter into the adsorption tank, improve the mercury balance bottle to the mark of the graduated 
cylinder. Half an hour later, record the air volume (the D-value of the two readings) going into the 
adsorption tank from the burette, in the meantime, write down the ambient temperature in which the 
burette and the coal sample tank are placed. 
1.2 Put the sample into the tank 
Put the coal sample weighed already into the tank carefully. After fastening the bolt of the tank 
mouth, inject compressed air into the tank, and then sink the whole tank into the water channel to check 
the air tightness.  
1.3 Outgas 
Connect the coal sample tank whose air tightness is already checked to the vacuum pump, put it to 
the thermostatic water bath of 60℃. Outgas 4 hours to the vacuum of 1×10-1mmHg, after that, fasten the 
high pressure valve. 
1.4 Adsorption at low pressure 
Connect the graduated cylinder injected gas with the adsorption tank which is already outgased with 
the nozzle. Then conduct the adsorption at low pressure under constant temperature. When the rate of 
adsorption at low pressure is under 1ml/h, it is considered balanced. The balance hour cannot be less than 
4 hours. In the end, record the volume of gas adsorbed into the adsorption tank. 
1.5 Adsorption at high pressure 
Inject gas at high pressure into the adsorption tank which has already finished the adsorption at low 
pressure. Then put it to the thermostat, record the value of the gas pressure changing with time until the 
value of the pressure gage does not exceed 0.05kg/m2  in an hour. Then it can be considered the gas 
adsorption at high pressure balanced, at this time, the pressure is the final adsorption equilibrium pressure.  
1.6 Desorption 
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Give off the adsorbed gas gradually in different pressure stage. When it reaches a new balance, the 
variation value of the balance pressure and the volume of the adsorption burette are recorded. After the 
pressure of the last point reaches balance, open the valve and do not close it any more. When the rate of 
the gas emitted from the adsorption tank is under 2ml/h, the adsorption is considered balanced. 
2 The experiment results 
2.1 Study of the adsorption and desorption characteristics of the coal 
Firstly the coal sample adsorbs gas to saturation under room temperature. Then temperature is 
increased to 240℃ gradually, and the adsorption and desorption characteristics of the coal and gas at 
certain pressure are analyzed.The experiment results are shown in Fig.2 and Fig.3: 
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Fig.2 Comparison curve of the air displacement when the coal sample from Tunliu adsorbs to saturation in normal temperature 
twice then desorbs with the rising temperature 
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Fig.3 The percentage comparison curve of the air displacement when the coal sample from Tunliu adsorbs to saturation in normal 
temperature twice then desorbs with the rising temperature 
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Fig.4 The desorption curve of the coal sanmple affected by the high pressure water to saturation the first time  
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Fig.5 The desorption curve of the coal sanmple affected by the high pressure water to saturation the second time  
2.2 Experimental study of the gas adsorption and desorption characteristics after the coal sample is 
affected by high pressure water  
Firstly, the coal sample is affectd with water under high pressure until it adsorbs water to saturation. 
Then it adsorbs gas to saturation. At last, continue to increase the temperature section by section at 
constant pressure. The experimental results are shown in Fig.4 and Fig.5.  
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Fig.6 The contrast curve of the adsorption rate when the coal sample adsorbs water and not 
2.3 The velocity profile of coal sample desorption 
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In normal temperature, measure the variation curve of the cylinder pressure decline when the coal 
sample adsorbs the gas and the pressure change condition of the gas adsorption tank after it is affected by 
the high pressure water. The experimental results are shown in Fig.6. 
3 Analysis of the experimental results 
The migration of the the coal bed methane mainly experiences four stages: the seepage of the fissure 
system, the spread of the pore system, the spread of the coal particles which adsorb the coal bed methane 
to the crack, the desorption of the coal bed methane adsorbed on the coal particle surface. The latter two 
movements can be called jointly as the spread and desorption process of the coal bed methane adsorbed 
by the coal particle, which is reciprocal to the adsorption and spread process. It determines the exchange 
capacity between the pore system and the fissure system. This experiment verifies the law that the 
seepage flow of the gas is mainly affected by the microscopic gas desorption quantity and the channel 
change of the macroscopical gas seepage. 
(1) When we conduct the experiment of measuring the gas desorption quantity at constant pressure 
and the rising temperature, the gas desorption quantity increases with the temperature rise. Within the first 
150℃, the gradient of the desorption curve is large as the temperature rising, and the desorption speed is 
fast. This is because in the begining the adsorption and desorption balance system of the coal and gas 
responds rapidly to the temperature change, that is to say, the rising temperature changes the equilibrium 
condition of the system. The speed of desorption is faster than that of the adsorption, which makes the 
balance shift rapidly to the desorption direction. In the latter part of the desorption curve, the 
concentration of the gas desorbed increases continuously as the temperature rising. The increase of the 
desorption concentration is an important factor when the adsorption equilibrium system develops towards 
the desorption direction. What’s more, since the coal and the gas is multilayer absorption, the adsorption 
energy that the gas molecule in the inner layer has to overcome is larger than that in the outer layer, so 
both the quantity and the rate of the desorption will decrease. When the coal sample expands after being 
heated, the temperature field will act gradually to the inner coal sample as the temperature rising. The 
crack in the coal sample deforms gradually due to the extrusion which blocks the gas entrainment channel. 
As a result, the gas desorbed is difficult to drain away from the seepage channel, and the concentration of 
the gas desorbed is also hard to decline rapidly. Both of them restrain the development of the balance to 
the desorption direction seriously. In the end, the desorption curve becomes gentle gradually until it 
reaches the new balance. 
For the same coal sample, after adsorbed twice and the desorption, it can be seen from the desorption 
curve that the adsorption quantity the second time is a little larger than that of the first time, so is the 
gradient of the desorption curve. That is because after the coal sample experiences the experiment the first 
time, it is acted in the temperature of 240℃ and the change of cooling to the normal temperature. It is 
equivalent to the process of loading and then unloading. This process will certainly produce new crack 
and pore system in the coal sample. Besides, if a little gasification of the hydrocarbon material of the coal 
sample during high temperature stage is taken into account, it will also leave adsorption space for the coal 
sample when it adsorbs the gas. Therefore, all the factors combined contribute to the ability of the coal 
sample’s adsorption of the gas. Both the adsorption quantity and the desorption quantity are bigger than 
the first one in the different temperature stage. 
(2) In the experiment of measuring the gas desorption quantity, the coal sample is affected by the 
high pressure water, and adsorbs the gas to saturation. 
In the first experiment, the quantity of the gas desorbed by the coal sample in each temperature stage 
is almost unchanged. But the desorption curve becomes gentle rapidly after the temperature increases to 
150℃. It is due to the existence of water, which influences the desorption and the seepage of the gas and 
the coal. When the water content of the coal seam does not reach the critical moisture content (that is the 
saturated extent of adsorption), the increase of water will reduce the adsorption capacity of the methane. 
When it surpasses the critical moisture content, the part exceeding merely participates in the seepage, and 
will not influence the adsorption process, and the adsorption capacity of the methane will no longer 
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decline. So the total amount of the gas desorbed does not change in the first experiment, but the moisture 
adsorbed by the coal affects the seepage of the gas, and shortens the time of the desorption to new balance 
in each temperature stage. In the end, the desorption curve tends to gentle point ahead of time. 
For the second experiment, because of the action of the high pressure water, new interspace and 
cracks add to the coal sample, the total desorption quantity of the coal increases. What’s more, the 
gasification of part of the hydrocarbon materials will also add the adsorption vacancy compared with the 
first one after the coal sample experiences the action of high temperature. Thus, the adsorption capacity 
increases. 
 (3) The adsorption rate of the coal sample declines under the action of the water. The reason is that 
the water stored in the cracks of the coal sample makes the resistance force in the seepage channel that the 
coal sample must pass by when it adsorbs the gas increase. And as the main adsorption field, the pore 
space is also occupied by some water molecules. The combined action of the two factors reduces the 
adsorption rate of the gas. When the coal sample is completely adsorbed to saturation by the water, the 
gas quantity can be adsorbed by it at a fixed value. This is why the adsoption curve in the test chart is 
almost a straight line whose gradient is zero. 
4 Conclusions 
It can be known from the experiment that when the temperature is fixed, the action of the high 
pressure water can restrain the adsorption of the coal sample with the gas. It is beneficial to the desorption 
of the gas, but the water stored in the crack channel can hinder the seepage of the gas. Therefore, finding 
an appropriate pressure for the high pressure water becomes the key. Different coal samples will present 
different effects under the action of the high pressure water. In the mining process of the coal bed 
methane, we should take advantage of the positive effect of the water pressure, thus to improve the output 
of the coal bed methane. 
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